1. Introduction {#sec0001}
===============

Coronavirus disease 2019 (COVID-19) was first reported in Wuhan, Hubei Province, China, in December 2019 ([@bib0038]), followed by an outbreak throughout the country and beyond. As of February 27, 2020, a total of 3019 medical workers were infected in China with novel coronavirus (including confirmed cases, suspected cases, clinically diagnosed cases, and asymptomatic infected persons), 1688 medical workers have been confirmed to be infected, with 247 (14.6%) critical cases and 5 (0.3%) deaths ([@bib0012]). Medical workers, especially those who are working in the frontline, may suffer a huge amounts of stress during the fight against COVID-19.

Several studies have reported that individuals exposed directly or indirectly to life-threatening situations may have a high risk of psychological morbidities ([@bib0007]; [@bib0008]; [@bib0017]; [@bib0027]; [@bib0036]; [@bib55]; [@bib0044]; [@bib0047]). For example, during the outbreak of severe acute respiratory syndrome (SARS) in 2003, it was shown that health care workers had a higher rate of SARS infection than other people ([@bib0036]), and they were emotionally affected and traumatized during the outbreak ([@bib0008]; [@bib0047]). At present, the severe acute respiratory syndrome from coronavirus 2 (SARS-CoV-2), which has been reported to have more severe transmissibility than SARS-COV ([@bib0025]), puts medical workers, especially the frontline medical staff at very high health risk. With an increasing number of patients, long hours of intensive work and less sleep time, inadequate protection from contamination, and the risk of infection at any time, medical workers have a high risk of physical and mental exhaustion, resulting in a variety of mental health problems. The mental health of medical workers has gained tremendous attention. As this outbreak has highlighted the fragility of psychological resilience, we also need to pay attention to the psychological state of health care workers during epidemics ([@bib54]). The government and hospitals have formulated a series of measures to address this problem ([@bib0018]).

A recent study found that nearly one-sixth of 4679 medical staff had psychological distress and therefore needed to seek help from psychological or psychiatric professionals. The prevalences of psychological distress, anxious symptoms, and depressive symptoms were 15.9%, 16.0%, and 34.6%, respectively ([@bib0024]). Another study investigating the mental health status of 224 medical staff found that 29.9% of the medical staff that fought against COVID-19 in Wuhan had a high score of anxiety compared with medical staff in Xian ([@bib0051], [@bib0052]). However, the deficiency lies in the lack of systematic assessment of mental problems between frontline and non-frontline medical workers during the COVID-19 outbreak. Since an increasing number of newly infected cases among the medical staff have been observed to date, and since the arduous task of the fight against the COVID-19 might be far from over, timely mental health care for medical staff during the COVID-19 outbreak is urgently needed. The present study attempted to compare the immediate psychological impact of the COVID-19 outbreak on frontline and non-frontline medical workers in China.

2. Methods {#sec0002}
==========

2.1. Participants and data collection {#sec0003}
-------------------------------------

This case-control study was conducted between February 11 to 26, 2020, which was approved by the Clinical Research Ethics Committee of Zhongnan Hospital of Wuhan University (Ref. No.: 2,020,030). This study was conducted through a program called Questionnaire Star. The sample was obtained based on a non-probability sampling design. All medical workers participated in the survey through the link or Quick Response (QR) code of Questionnaire Star, which is a bar code that can store the website link of the questionnaire used in this study. Once the questionnaire was submitted, the data would be saved on the questionnaire star server, and the questionnaire creator can download or analyze the data. The requirement for written consent from subjects was waived by the Research Ethics Committee. No identifiable information was collected.

A set of questionnaires were sent to medical workers working in hospitals in China via the QR code of Questionnaire Star. The medical workers included physicians, nurses, and other healthcare workers (e.g., medical technicians, respiratory therapists, or emergency room attendants). Medical workers dealing with COVID-19 were considered frontline medical workers. Otherwise, they were categorized into the non-frontline medical workers group. Other inclusion criteria were as follows: 1) age 18 to 80 years old and 2) Chinese-speaking residents of China. A total of 1173 eligible frontline medical workers and 2118 eligible non-frontline medical workers participated in this study. 55.4% of the non-frontline medical workers (*n* = 1173) were selected and matched to frontline medical workers by age and sex. The matching was performed using the \"MatchIt\" package in R (Version 3.5.1; R Foundation for Statistical Computing, Vienna, Austria) ([@bib0016]).

2.2. Measures and tools {#sec0004}
-----------------------

The study instrument was a structured questionnaire that comprised demographic details, three main self-reported rating scales that have broad credibility, and information about whether the participant sought help or treatment for mental problems. The detailed explanation is as follows.

### 2.2.1. Demographic information {#sec0005}

Participants\' demographic characteristics, including age, sex, education level, marital status, jobs, annual household income, living status, and geographic origin, were obtained. The epidemic parameters for the COVID-19 of the areas where the subjects stayed were used to estimate the levels of exposure to the epidemic. The epidemic parameters, including the number of cumulative cases, number of new daily cases, prevalence, and daily incidence, were obtained from the official online platform for controlling the COVID-19 epidemic in China.

### 2.2.2. Three main rating scales measuring mental health status {#sec0006}

The Beck Anxiety Inventory (BAI) was used to measure anxiety symptoms over the last seven days ([@bib0003]; Chinese version: [@bib0009]). This scale has a total of 21 self-report items with responses rated on a 4-point Likert scale ranging from 0 (not at all) to 3 (severely). Higher scores reveal a higher level of anxiety. The following cut-off scores were used to assess different levels of anxiety: (1) scores between 0 and 7 denote no anxiety; (2) scores between 8 and 15 denote mild anxiety; (3) 16--25 denotes moderate anxiety; (4) 26--63 denote severe anxiety ([@bib0001]). The presence of anxiety was defined as a BAI score \> 15 in our study.

The Insomnia Severity Index (ISI) was used to assess participants' perceptions of insomnia over the past two weeks ([@bib0028]). It has seven items targeting the subjective symptoms and daytime consequences of insomnia, as well as the degree of distress caused by these difficulties. Each item of this scale is rated on a 5-point Likert scale of 0--4, and higher scores indicate greater insomnia severity ([@bib0031]; Chinese version: [@bib0023]). The optimal cut-off point of ISI for detecting clinical insomnia in the Chinese population was a total score of 9 ([@bib0011]). Therefore, an ISI score higher than nine was chosen as the cut-off for insomnia for this study.

The Patient Health Questionnaire-9 (PHQ-9) was used to measure depressive symptoms over the past two weeks ([@bib0029]). All nine items are scored from 0 to 3, and the total scores range from 0 to 27, with a higher score indicating more severe symptoms ([@bib0021]; Chinese version: [@bib0030]). Scores of 0--4 indicate no depression, scores of 5--9 indicate mild depression, scores of 10--14 indicate moderate depression, scores of 15--19 indicate moderately severe depression, and scores of 20--27 indicate severe depression ([@bib0048]). Participants with a PHQ-9 \> 10 were defined as depressed in our study.

The Chinese versions of the three abovementioned rating scales have been proven to have satisfactory reliability and validity ([@bib0011]; [@bib0022]; [@bib0045]). In addition, suicidal ideations were measured by one question: "Over the past two weeks, have you ever had suicidal thoughts?" The responses to this question were "Once/several times" or "Never" ([@bib0014]).

### 2.2.3. Help-seeking or treatment for mental health during the COVID-19 outbreak {#sec0007}

Whether participants sought help or received treatment for mental problems, including anxiety symptoms, depressed mood, suicidal ideation, and insomnia, during the COVID-19 outbreak was recorded. The question "Have you ever sought help from psychiatrists or clinical psychologists since the outbreak of COVID-19 began?" was used to estimate help-seeking behavior. The question "Have you ever received any treatment for psychiatric or psychological problems since the outbreak of COVID-19 began?" was used to measure treatment history for mental problems.

2.3. Statistical analysis {#sec0008}
-------------------------

Mann--Whitney *U* test and *t*-test were used to compare means of two groups of non-normally and normally distributed variables, respectively. Chi-square test was used to compare the inter-group differences for categorical variables. Univariate and multivariate logistic regressions were performed to evaluate the relationships of frontline medical workers (vs. non-frontline medical workers) with mental problems, and help-seeking behaviors and treatment for mental problems. A value of two-tailed *P* \< 0.05 was considered statistically significant. In [Table 2](#tbl0002){ref-type="table"}, *P* values for multivariate logistic regressions were further adjusted using a false discovery rate (FDR) method ([@bib0006]). An FDR of 5% using *q* values would mean that 5% of results called significant (*P* \< 0.05) are false-positives ([@bib0005]). All statistical tests were performed using SPSS version 24.0 for Windows (Armonk, NY: IBM Corp) and R (version 3.5.1).

3. Results {#sec0009}
==========

A total of 2346 participants were enrolled in our study, including 1173 frontline workers and 1173 age- and sex- matched non-frontline medical workers. [Table 1](#tbl0001){ref-type="table"} presents the demographic characteristics of the participants. There were no differences in education years and unmarried status between non-frontline and frontline medical workers (all *P* \> 0.05). However, frontline medical workers had a higher proportion of medical staff (mainly including doctors and nurses) than non-frontline medical workers (98.6% vs. 93.4%, *P* \< 0.01). Frontline medical workers showed higher proportions of annual household income of \< 11,255 USD per head (71.9% vs. 67.1%, *P* = 0.01) and living alone (30.9% vs. 17.5%, *P* \< 0.01) than non-frontline medical workers. Compared with non-frontline medical workers, frontline medical workers had higher proportions of participants from Wuhan and Hubei province (excluding Wuhan) (*P* *\<* 0.01). In addition, frontline medical workers had higher exposure levels of the COVID-19 epidemic, including larger numbers of cumulative cases and daily new cases, higher prevalence, and higher daily incidence than subjects from other areas (all *P* \< 0.01).Table 1Demographic characteristics and the exposure of the COVID-19 epidemic of non-frontline and frontline medical workers.Table 1Non-frontline medical workers(*n* = 1173)Frontline medical workers(*n* = 1173)Degree of freedom (df)*P* valueMale348 (29.7)354 (30.2)10.79Age (years)30.5 ± 8.730.6 ± 8.823440.83Education years16.8 ± 2.216.8 ± 2.123440.49Unmarried status259 (22.1)265 (22.6)10.77Jobs1\< 0.01 Medical staff1095 (93.4)1156 (98.6) Other medical workers78 (6.6)17 (1.4)Annual household income \<11,255 (USD, per head)787 (67.1)843 (71.9)10.01Living alone205 (17.5)363 (30.9)1\< 0.01Geographic origin2\< 0.01 Wuhan City169 (14.4)264 (22.5) Hubei province (excluding Wuhan City)690 (58.8)809 (69.0) Other areas in China[a](#tb1fn1){ref-type="table-fn"}314 (26.8)100 (8.5)The exposure of the COVID-19 epidemic[b](#tb1fn2){ref-type="table-fn"} Number of cumulative cases13,886.6 ± 10,018.717,982.0 ± 9021.02344\< 0.01 Number of daily new cases2766.6 ± 4419.53994.0 ± 5104.92344\< 0.01 Prevalence (‱)7.0 ± 12.110.3 ± 14.12344\< 0.01Daily incidence (per 10,000)2.3 ± 5.23.5 ± 6.12344\< 0.01[^2][^3][^4][^5]

[Table 2](#tbl0002){ref-type="table"} shows the comparison in mental problems, help-seeking behavior and treatment for mental problems between the two groups. Compared with non-frontline medical workers, frontline medical workers had higher rates of any mental problems (52.6% vs. 34.0%, adjusted OR = 1.88, 95% CI = 1.57--2.25), anxiety symptoms (15.7% vs. 7.4%, adjusted OR = 1.95, 95% CI = 1.46--2.61), depressed mood (marginally insignificant; 14.3% vs. 10.1%, adjusted OR = 1.32, 95% CI = 0.99--1.76), and insomnia symptoms (47.8% vs. 29.1%, adjusted OR = 1.96, 95% CI = 1.63--2.36). However, there was no significant difference in suicidal ideation (12.0% vs. 9.0%, adjusted OR = 1.25, 95% CI = 0.92--1.71), help-seeking (4.5% vs. 4.5%, adjusted OR = 1.00, 95% CI = 0.53--1.87) and treatment for mental problems (3.4% vs. 2.3%, adjusted OR = 1.38, 95% CI = 0.54--3.52) between the two groups ([Table 2](#tbl0002){ref-type="table"}).Table 2Mental disorders, help-seeking and treatment for mental problems of medical workers during COVID-19.Table 2Non-frontline medical workers(*n* = 1173)Frontline medical workers(*n* = 1173)Crude odds ratio \[95% confidence interval\]Adjusted odds ratio \[95% confidence interval\][a](#tb2fn1){ref-type="table-fn"}*q* value[c](#tb2fn3){ref-type="table-fn"}Any mental problems[b](#tb2fn2){ref-type="table-fn"}399 (34.0)617 (52.6)**2.15 \[1.82--2.54\]1.88 \[1.57--2.25\]\<** **0.01**Anxiety symptoms (BAI score \> 15)87 (7.4)184 (15.7)**2.32 \[1.77--3.04\]1.95 \[1.46--2.61\]\<** **0.01**Depressed mood (PHQ-9 \> 10)119 (10.1)168 (14.3)**1.48 \[1.15--1.90\]1.32 \[0.99--1.76\]**0.06Suicidal ideation105 (9.0)141 (12.0)**1.39 \[1.06--1.82\]**1.25 \[0.92--1.71\]0.16Insomnia symptoms (ISI \> 9)341 (29.1)561 (47.8)**2.24 \[1.89--2.65\]1.96 \[1.63--2.36\]\<** **0.01**Help-seeking for mental problems[b](#tb2fn2){ref-type="table-fn"}18/399 (4.5)28/617 (4.5)1.01 \[0.55--1.84\]1.00 \[0.53--1.87\]0.99Treatment for mental problems[b](#tb2fn2){ref-type="table-fn"}9/399 (2.3)21/617 (3.4)1.53 \[0.69--3.37\]1.38 \[0.54--3.52\]0.51[^6][^7][^8][^9][^10]

4. Discussion {#sec0010}
=============

The psychological impact of acute infection outbreaks on medical workers has aroused considerable concern from the government, the public, and medical professionals. The current study has shown that frontline medical workers directly dealing with patients confirmed or suspected of having COVID-19 had a higher level of various mental problems than those non-frontline medical workers. In addition, the two groups had comparable low rates of help-seeking behaviors and treatment for their mental problems.

Data from the present study showed that the mental health of frontline medical workers was particularly worrying. The rate of mental problems, such as anxiety, depression, and insomnia, was significantly increased in frontline medical workers, compared with non-frontline medical workers. In this study, about 15.7% of enrolled frontline medical workers experienced anxiety symptoms, and the prevalence is lower than the general population during the COVID-19 outbreak (28.8% experienced moderate to severe anxiety symptoms) ([@bib0042], [@bib0043]). Similarly, about 14.3% of enrolled frontline medical workers experienced depressive symptoms, and the prevalence is slightly lower than the general population during the COVID-19 outbreak (16.5% reported moderate to severe depressive symptoms) ([@bib0042], [@bib0043]). The higher prevalence of anxiety and depression in the general public could be due to less access to personal protection equipment as compared to frontline medical workers.

A great deal of evidence demonstrates the dramatic psychological impact of the epidemic on healthcare workers, and the importance of dedicated interventions to deal with mental problems, such as stress, anxiety, depressive symptoms ([@bib0049]; [@bib0018], [@bib0019]; [@bib0039]; [@bib0024], [@bib0025], [@bib0026]). Our findings are consistent with those reported Zhu et al., who found a significant percentage of psychiatric symptoms during the COVID-19 pandemic, 29.8% for stress, 13.5% for depression, and 24.1% for anxiety among healthcare workers ([@bib0053]). A recent study indicated poor sleep quality among frontline clinical nurses fighting with the COVID-19([@bib0046]). In contrast, a recent study conducted in Singapore found that there was a higher prevalence of anxiety among non-medical healthcare workers compared to medical personnel ([@bib0040]). The opposite findings in Singapore could be due to the fact that COVID-19 was a less severe problem in Singapore as compared to China and frontline healthcare workers encountered lower level of anxiety and depression.

Compared with non-frontline medical workers, frontline medical workers might be exposed to much more physical and mental stresses, which may contribute to their higher rates of mental problems. For example, frontline medical workers have had to be extra vigilant when working in the fever clinics or infectious wards, ensuring that suspected patients were timely identified and transferred to the designated hospital to reduce exposure risk for others. In addition, the rapid increase of the infected patients and the uncertainty of transmission in the early stage of the outbreak increased the enormous workload and psychological burden of medical workers ([@bib0050]). During the COVID-19 outbreak, many medical staff were infected ([@bib0042],b), which may have increased the psychological stress of their colleagues. Moreover, inadequate protective materials against the virus, negative emotions from the patients, quarantine, and lack of contact with their families also added to the psychological burden of frontline medical workers. Furthermore, mental problems could interact with each other. For example, sleep disorders were reported to be related to anxiety ([@bib0004]; [@bib0037]).

Our results showed poor mental health among frontline medical workers, but contrary to our expectation, we did not observe significantly higher rates of seeking help or receiving treatment for mental problems among these subjects. The phenomenon that medical workers have difficulty accepting and disclosing emotions is not unique to the COVID-19 outbreak ([@bib0013]; [@bib0020]; [@bib0041]). Emotional distress is common among hospital doctors, many of whom do not seek professional help or support from their colleagues, because they either think they did not need or are embarrassed to seek help and worried about confidentiality ([@bib0013]). These findings remind future psychological intervention providers should pay more attention to medical workers with mental health problems.

The mental health status of medical workers presented in the current study prompts the need for appropriate measures and timely treatment for COVID-19-related psychological problems. According to previous experience with severe infectious diseases (such as SARS and EVD), medical workers with a good awareness of the disease developed relatively fewer psychological symptoms ([@bib0010]; [@bib0015]; [@bib0017]). Therefore, authoritative knowledge about COVID-19 should be disseminated among medical workers as early as possible. Mental health professionals should be deployed in the medical teams to provide psychological support. Furthermore, external material and spiritual support were crucial to confronting psychological symptoms, including virus prevention implementation, living and medical supplies, as well as spiritual support from colleagues, team leaders, family, and friends ([@bib0032]).

Since the start of the COVID-19 outbreak, the Chinese government, hospitals, and psychological and psychiatric centers have taken measurements to address mental health problems ([@bib0002]). A national guideline for psychological crisis intervention during the COVID-19 outbreak, in which psychological protection measures for medical workers were provided ([@bib0034]). Psychological intervention teams were set up to deliver mental health services to medical staff. In addition, a variety of online mental health services through communication programs, such as WeChat, Weibo, and TikTok, were gradually put into practice for people in need ([@bib0024]; [@bib0051]). As the development of the epidemic, further psychological support and measurements should be provided, especially for frontline medical workers.

There were several limitations to our study. First, medical workers participated in the investigation via the Internet without random sampling, so the response rate was hard to estimate. However, the relatively large number of participants reduced this potential sampling bias. Second, the mental health status of the participants before the COVID-19 outbreak was not available, making it difficult to know whether their pre-existing mental health status also impacted the posttraumatic morbidity of COVID-19. Third, this study did not address other potential confounding factors, such as personality traits, family history of mental disorders, life events, and social support. Fourth, the case-control nature of the present study did not allow us to make any conclusions regarding causality.

5. Conclusions {#sec0011}
==============

The present study highlighted the mental health problems and unmet needs of medical workers during the COVID-19 epidemic in China, especially among frontline medical workers. Further strategies should be provided urgently to alleviate the mental distress of medical workers. Long-term surveillance should be provided to monitor the mental health of frontline and non-frontline medical workers.
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[^3]: Abbreviations: *Other medical workers*: support staff, patient care staff and so on; COVID-19: Coronavirus Disease 2019; *Medical staff*: mainly including doctors and nurses;.

[^4]: Other areas in China: including 22 provinces, 5 autonomous regions, 4 municipalities and 2 special administrative regions.

[^5]: The participants' exposure to the COVID-19 epidemic was estimated by the regional epidemic parameters.

[^6]: Data are presented as *n* (%).

[^7]: Abbreviations: COVID-19: Coronavirus Disease 2019; BAI: the Beck Anxiety Inventory; PHQ-9: the 9-item Patient Health Questionnaire; ISI: the Insomnia Severity Index.

[^8]: Adjusted for jobs, income level, living alone, geographic origin, prevalence of the COVID-19.

[^9]: Mental problems include anxiety symptoms, depressed mood, suicidal ideation, and insomnia.

[^10]: *q* values: *P* values adjusted by false discovery rate (FDR) method. A q value of 5% would mean that 5% of results called significant (*P* values \< 0.05) are false-positives.
